Abstract. We have investigated the poorly-understood origin of nitrogen in the early Galaxy by determining N abundances from the NH band at 336 nm in 35 extremely metal-poor halo giants, with carbon and oxygen abundances from Cayrel et al. (2004) , using high-quality ESO VLT/UVES spectra (30 of our 35 stars are in the range −4.1 < [Fe/H] < −2.7 and 22 stars have [Fe/H] < −3.0). N abundances derived both from the NH band and from the CN band at 389 nm for 10 stars correlate well, but show a systematic difference of 0.4 dex, which we attribute to uncertainties in the physical parameters of the NH band (line positions, gf values, dissociation energy, etc.). Because any dredge-up of CNO processed material to the surface may complicate the interpretation of CNO abundances in giants, we have also measured the surface abundance of lithium in our stars as a diagnostic of such mixing. Our sample shows a clear dichotomy between two groups of stars. The first group shows evidence of C to N conversion through CN cycling and strong Li dilution, a signature of mixing; these stars are generally more evolved and located on the upper Red Giant Branch (RGB) or Horizontal Branch (HB). The second group has [N/Fe] < 0.5, shows no evidence for C to N conversion, and Li is only moderately diluted; these stars belong to the lower RGB and we conclude that their C and N abundances are very close to those of the gas from which they formed in the early Galaxy, they are called "unmixed stars". The enhancements, they were formed before any significant enrichment of the Galactic gas by SNe Ia, and their composition should reflect the yields of the first SNe II. However, if massive AGB stars or AGB supernovae evolved more rapidly than SNe Ia and contaminated the ISM, our stars would also reflect the yields of these AGB stars. At present it cannot be decided whether primary N is produced primarily in SNe II or in massive AGB stars, or in both. 
Introduction
Carbon, nitrogen, and oxygen -the CNO elements -are key players in the chemical evolution of galaxies. They are the most abundant elements after hydrogen and helium and the most efficient coolants in the interstellar medium. Thus, understanding how the first CNO nuclei were synthesised is crucial for models of the first star formation and nucleosynthesis in the Universe after the Big Bang.
There is general consensus that oxygen is almost entirely contributed by massive type II SNe, primarily during the central hydrogen burning with some contribution from neon burning. Carbon can be produced in stars of all masses, essentially by He burning. In contrast to O and C, however, the initial formation of N is still not well understood (Pilyugin et al. 2003) .
N is formed at the expense of C and O during hydrogen burning by the CNO cycle. If N is formed directly from He, it is called primary; if pre-existing C nuclei are required, it is called secondary. In massive stars, mixing (with or without stellar rotation) between the helium-burning layer (which produces C) and the hydrogen-burning layer can induce "primary" N formation; the yield may be very variable. In intermediate-mass stars with (approx. 4M ⊙ < M < 8M ⊙ ), abundant primary N may be produced during the AGB phase.
The production mechanisms of N are imprinted in the abundances of stars formed from the ejecta of massive progenitor stars. If the N production was secondary, the [N/O] ratio should increase with increasing metallicity. For primary N production, [N/O] should remain constant.
From a study of H II regions in irregular galaxies (Kobulnicky & Skillman 1996; Izotov & Thuan 1999) , the [N/O] ratio does indeed appear to be constant at low metallicity, at least between [O/H]= -1.6 and -1.2, or about −2.1 < [Fe/H] < −1.7, suggesting that N is primary in this range. From the small dispersion of their [N/O] measurements, Izotov & Thuan argue in favor of N production by massive stars. However, this conclusion is challenged by observations of DLAs, which exhibit large scatter and, in particular, lower values of [N/O] than those of H II regions in irregular galaxies. Henry et al. (2000) could reproduce the plateau in [N/O] by assuming N production by AGB stars and different Star Formation Rates (SFRs), while Prochaska et al. (2002) proposed a scenario involving a different IMF at earlier epochs of star formation. The complex evidence suggests that primary production of N, if confirmed, might require production by both massive stars or AGBs.
Recently, however, Chiappini, Matteucci & Meynet (2003) questioned the very presence of the plateau and its significance as an evolutionary curve. They further stressed that while the [N/O] 
vs. [O/H] diagram for DLAs and H II regions is often interpreted as an evolutionary
Send offprint requests to: monique.spite@obspm.fr ⋆ Based on observations obtained with the . This work has made use of the SIMBAD database. diagram with [O/H] as the time axis, it does in fact represent final abundances achieved by objects that evolved in completely different ways from each other. Hence, the best way to determine the lower limit of the [N/O] ratio is to measure it in very old Galactic stars. Among early discussions of the Galactic evolution of N in halo stars, Tomkin & Lambert (1984) On this background, the aim of the present paper is to determine C and N abundances in stars from the very earliest phases of the evolution of the Galaxy. Cayrel et al. (2004, hereafter Paper V) showed so large scatter that no conclusions on the production of C could be drawn. N abundances were measured from CN, but this band was only detected in six stars.
In this paper we use the high UV efficiency of the VLT spectrograph UVES to push the study of the Galactic evolution of N a step further. Using the NH band at 336 nm allows us to measure N abundances in the same large sample of extremely metal-poor halo giants as that of Cayrel et al. (2004) NH band in main-sequence or turnoff stars (unless they have a strong N excess), so the less-evolved, unmixed giants in our sample offer essentially the only way to measure N at such low metallicities.
Mixing of the outer layers in these stars may invalidate conclusions drawn from an abundance analysis of their surfaces. Its importance can be estimated from several indicators, in particular from the abundance of lithium, which is rapidly destroyed if convection drives it to regions with temperatures above ∼ 2.5 10 6 K. For example 7 Li is destroyed in about 97% of the mass of a 0.9M ⊙ very metal-poor star during its main-sequence evolution. When the outer convective zone deepens, the remaining 3% is diluted by the full mass of the convective zone, and the surface Li abundance becomes a diagnostic of the depth of this convective zone. Accordingly, we have also measured Li abundances in our giants to distinguish between mixed and unmixed stars.
In Sect. 2 we describe the observations, and Sect. 3 presents the analysis of the data. Sect. 4 discusses mixing in these stars, while Sect. 5 considers the abundances of the CNO elements in the early Galaxy and presents a comparison of our results with data from DLAs. Sect. 6 is a brief summary of our results and conclusions.
Observations and reductions
The observations were performed during several observing runs from April 2000 to November 2001 with the VLT-UT2 and UVES (Dekker et al. 2000) , at a resolving power of R = 47, 000 at 400 nm. The spectra were reduced using the UVES context (Ballester et al. 2000) within MIDAS. Details of the observing and reduction procedures are presented in Paper V (Cayrel et al. 2004) . Taking advantage of the high UV efficiency of UVES allows us to measure the NH band at 336 nm in most of our stars.
The signal-to-noise ratio of the spectra is difficult to estimate in this very crowded region, but is typically S/N ≈ 30 (per pixel). An example of the spectrum in the region of the NH band is shown in Fig. 1 .
Abundance Analysis
As described in Paper V, we carried out a classical LTE analysis using OSMARCS model atmospheres (Gustafsson Table 1 . Adopted model parameters (T eff , log g, v t , [Fe/H]) and light element abundances for the programme stars. For Li, C and N the 1σ measurement error is given. The N abundances from the NH band in column 10 are raw values, to be corrected by -0.4 dex (see section 3.2.3 and Fig. 4 Plez et al. 1992; Edvardsson et al. 1993; Asplund et al. 1997; Gustafsson et al. 2003) . Since our analysis uses 1D models we adopted, as in Paper V, the solar abundances as obtained also from 1D models, i.e., log ǫ (O) = 8.74, log ǫ (C) = 8.52, log ǫ (N) = 7.92, and the values for other elements from Grevesse & Sauval (1998) .
Abundances were derived using the current version of the Turbospectrum code (Alvarez & Plez 1998) , which accounts properly for continuum scattering (see Paper V), a feature that is particularly important in the violet part of the spectrum. For the CH, CN, and NH bands the abundances of C and N were determined from spectrum synthesis. Abundances of O from the forbidden line at 630.031 nm and of Li from the resonance line have been derived directly from the equivalent widths of these lines.
Atmospheric Parameters
The procedures used to derive T eff , log g, and the microturbulent velocity v t have been explained in detail in Paper V, Section 3. Briefly, T eff was derived from broadband photometry (B − V , V − R, V − I, V − K, J − K), calibrated by the IRFM method (Alonso et al. 1999 ). The log g value was obtained by requiring that identical Fe and Ti abundances be derived from Fe I and Fe II, or Ti I, Ti II lines, respectively, and v t was determined to eliminate any abundance trend of the Fe I lines with equivalent width. 
Abundances of the light elements

Lithium
The Li line at 670.7 nm is visible in about half of our stars. Table 1 lists the derived Li abundances for these stars, and upper limits for the remaining stars. Fig. 2 shows the Li feature in the neutron-capture-rich XMP star CS 22892-052 (Sneden et al. 2003) . We measure an equivalent width of 3.3 mÅ, in excellent agreement with the value W Li = 3.5 mÅ by Sneden et al. (2003) .
Carbon and Oxygen
Carbon and oxygen abundances for our stars were carefully determined in Paper V (specifically in sections 4.1 and 4.2) and are reproduced in Table 1 (see also Barbuy et al. 2003) .
The O abundance was derived from the [O I] line at 630.031 nm (Table 1) , generally considered to be the most reliable O abundance indicator since it is insensitive to non-LTE effects. However, these values were computed with classical 1D models, and the line has been shown to be sensitive to hydrodynamical (3D) effects: The [O/Fe] ratio based on the [O I] line is expected to decrease when computed with 3D models. So far, explicit 3D corrections have only been computed for dwarfs (Nissen et al. 2002) . Following these authors, at least the sign of the correction should not change in giants; and we assume, as a first approximation, that the correction is the same as for dwarfs. (Table 1) should then be corrected by about -0.23 dex (see Paper V).
C abundances were determined by a synthetic spectrum fit to the G band of CH (see Paper V). (Sneden et al. , 2003 and CS 22949-037 (McWilliam et al. 1995 , Norris et al. 2001 , Depagne et al. 2002 , the scatter remains very large (< [C/Fe] > = We conclude that either the gas from which the XMP stars formed had a wide range of C abundances, or the initial composition in the atmosphere of the stars has been altered by subsequent mixing episodes. In the latter case we would also expect a correspondingly large scatter in the relation of [N/Fe] vs. [Fe/H].
Nitrogen
In Paper V, N abundances were computed from the BX band of CN at 388.8 nm. This band is extremely weak in most of our sample and the nitrogen abundance had been computed in only six stars. After a careful examination of the spectra, we could in fact detect the CN band and measure it, in ten stars (Table 1) . Moreover in the present paper, we use the lines of the violet A 3 Π i −X 3 Σ − NH band at 336 nm (see Fig. 1 ), which is not only more readily measurable but also insensitive to the C and O abundances (see e.g. Sneden 1973 or Norris et al. 2002) . We have adopted the Kurucz (2001) data for the NH molecule (Table 1 , Fig. 4 ), in particular a dissociation energy of 3.47 eV (Huber & Herzberg 1979) . Fig. 4 compares the N abundances derived from the NH and CN molecular bands. The correlation is good, but there is a systematic difference of about 0.4 dex, well above the internal errors. The reason for this discrepancy is unclear, but we recall that the physical parameters (line positions, gf values, etc.) of the NH band are not yet well established. We use a dissociation energy of 3.47 eV (Huber & Herzberg 1979) , while Sneden (1973) and Norris et al. (2002) preferred a value of 3.21 eV. However, adopting a lower dissociation energy would further increase our N abundances from NH and the discrepancy with the results from CN. In contrast, the dissociation energy and other parameters of the CN molecule seem to be better established. We have adopted D CN = 7.76eV (Huber & Herzberg 1979) , which is supported by more recent experimental (e.g. 7.74 ±0.02, Huang et al. 1992) and theoretical values (e.g. 7.72 ±0.02, Pradhan et al. 1994) .
We conclude that our nitrogen abundances from the NH band (Table 1) should be corrected by -0.4 dex and use these corrected values in the following discussions. 
Errors due to the uncertainty of the atmospheric parameters
Except for measurement errors, the main source of error in the C, N, and Li abundances is the uncertainty in T eff , which is about 80 K (Paper V). For given T eff , the ionization equilibrium constrains log g with an internal error of 0.1 dex, while v t is constrained to within ±0.2 km s −1 . In Table 2 we list the uncertainties in logN(Li), [C/Fe] CS 22948-066 (T eff = 5100 K), at the cool and warm end of our sample.
The errors are very similar in both cases and thus are practically independent of the temperature of the star between 4600 and 5100K. Since log g is derived from the ionization equilibrium, it is not independent of T eff , so a change in T eff also affects log g. The total error budget therefore contains significant covariance terms. To minimise these effects we have computed [C/Fe] The total error has been approximated by (σ
v ) where σ m is the measurement error (Table  1 ) and σ T , σ g , σ v are derived from Table 2 Table 2 the assumed change in T ef f is 100 K.
Mixing in metal-poor giants
Evidence from Carbon and Nitrogen
The aim of this paper is to study the synthesis of the light elements in the Galaxy at the earliest times, i.e. their abundances in gas that was enriched by the first Type Table 2 . Changes (∆) in the derived N abundance caused by errors in model atmosphere parameters for HD 122563, a cool star, and CS 22948-066 (hotter). A is the adopted model; B, C, and D vary log g, v t , and T eff individually as shown, while in model E, log g and v t have been readjusted for consistency with the lower T eff (See also Paper V, Tables 6 and 7) . II supernovae. Generally, the convective atmosphere of a cool star is a good tracer of the chemical composition of the interstellar gas at the time and place of its formation. However, in giant stars material from deeper layers may be dredged to the surface and thereby alter the initial composition (e. g. Gratton et al. 2000) , so we must carefully check if such mixing has occurred in our stars. In dredged-up matter that has been processed by the CNO cycle, N has been produced at the expense of C, and the atmosphere of the star becomes "N rich" and "C poor" relative to its initial composition (thus, mixing during any first dredge-up episodes cannot explain the C-rich stars, especially in our low-mass stars.) which show evidence of mixing. These ratios are, by themselves, no proof that the stars of the second group have been mixed internally; the gas from which they were formed could have had this composition. However, for simplicity we will continue to refer to these two groups as the unmixed and mixed stars, respectively. The 'mixed' stars are identified by an "m" in Table 1 (last column).
Evidence from the C/N ratio
Because the CNO process turns C into N, the [C/N] ratio is a sensitive indicator of mixing. Fig. 7 shows the [C/N] ratio vs. T eff . Like in Fig. 6 , the mixed and unmixed stars are well separated. Note that most of the unmixed stars have T eff ≥ 4800 K (cf. Paper V, Section 4.1).
Two stars in our sample are known to be C rich: CS 22892-052 (Sneden et al. 2003 ) falls close to the unmixed stars in Fig. 6 , while CS 22949-037 (Depagne et al. 2002 ) is quite peculiar, as its huge N abundance is suggestive of mixing (consistent with its low 12 C/ 13 C ratio), yet it falls quite far from the other mixed stars. None of these two stars appears unusual in Fig. 7 , however.
For three stars we have only upper abundance limits: CD-38:245 (C only), BS 16477-003 (N only), and BS 16467-032 (both C and N); they are marked with ar- rows in Fig. 6 , but omitted in Fig. 7 as the [C/N] ratio is undefined in these stars.
Evidence from Lithium
When low-mass stars, such as those in our sample, evolve through the subgiant and red giant branches, the surface convection zone progressively deepens. This mixes the stellar atmosphere with material from deeper layers in which Li has been depleted by nuclear burning, and reduces the observed Li abundance of the star. The degree of dilution increases as the convective zone penetrates deeper; thus, one expects a steady decline of the observed Li abundance as a star ascends the RGB (Pilachowski et al., 1993) . If mixing of the surface material is deep enough to reach the layers where C is burned into N, the atmospheric Li will a fortiori burn away rapidly. The mixed stars should thus show much lower Li abundances than the unmixed stars. We have performed this test. 
Location in the H-R diagram
Changes of abundances have been detected as stars evolve along the RGB in both globular cluster giants (Kraft 1994) and field stars (Gratton et al. 2000) . It would thus be interesting to study the positions of our XMP stars in an H-R diagram to see at which phase of the evolution mixing has occurred. Unfortunately, these stars are too distant to have usable parallaxes, so their precise distances and luminosities are unknown.
However, the spectroscopic value of log g is a firstorder indicator of the luminosity of the star. These values of log g may suffer from NLTE effects and thus be different from the true gravity, but Gratton et al. (2000) argue that NLTE corrections to log g are smaller than suggested in most previous literature; moreover, our stars lie in relatively narrow intervals of temperature and gravity, and NLTE effects on iron should be constant in the metallicity range of our stars (Korn, Shi, & Gehren, 2003) . Therefore, any corrections would be similar for all the stars, and abundance trends with log g should be robust against NLTE effects. Fig. 9 shows the log g -log T eff diagram for our sample. The unmixed stars form a fairly well-defined lower RGB, while virtually all stars on and above the HB have the spectroscopic characteristics of mixed stars, as previously found for moderately metal-poor field stars by Gratton et al. (2000) . Three stars deviate from the general trend and are discussed in the following: Fig. 9 . log g vs. log T eff diagram for the sample (symbols as in Fig. 6 ). The RGB and HB are fairly well-defined (dashed lines). At fixed T eff , the unmixed stars on the "low" RGB have higher log g than the mixed stars.
BD 17:3248, a mixed star strongly enriched in rprocess elements (Cowan et al. 2002) , has been classified as an RHB star (Bond 1999 , Pilachowski et al. 1996 , Alonso et al. 1998 , in good agreement with its position in Fig.  9 . In contrast, the Hipparcos parallax, π = 3.67 ± 1.5mas, would place BD 17:3248 on the subgiant branch. However, Cowan et al. (2002) conclude, from Strömgren photometry, that the star is indeed highly evolved and the small Hipparcos parallax probably unreliable.
CS 22966-057, the hottest star of our sample, falls between the lower RGB and the HB. Our two spectra of this star from September and October 2001 yield radial velocities of +100.7 km s −1 and +103.0 km s −1 , a variation too large to be explained by our observational error, 0.5 km s −1 . This star is probably a binary.
CS 29518-051 falls on the low RGB, but has all the characteristics of a mixed star. A large error in its gravity is unlikely. Our single spectrum gives no information on any velocity variations, but the star clearly deserves close attention in the future.
Deep mixing and the early Galactic O abundance
A very deep mixing event might bring matter to the surface in which the O-N cycle has partially transformed O into N. It is thus interesting to compare the O abundances of the mixed and unmixed stars. As seen in Fig. 10 , there is no significant difference in [O/Fe] between mixed and unmixed stars, and thus no evidence for contamination by deep mixing, as might occur in an AGB star of an earlier generation or in a hypothetical binary companion. This result is strong evidence that the O abundances determined (Fig. 11, mixed stars, dashed line) .
CNO abundance ratios as detailed diagnostics of mixing
Because we find no evidence for processing by the O-N cycle in the mixed stars, if the excess of N is due to internal mixing it results only from the transformation of C nuclei into N. Thus we would expect that the mean value of the C+N abundance in the mixed and unmixed stars should be the same. Fig. 12 shows that within errors this hypothesis is compatible with the observations. Note that the three mixed stars which stand out towards the high [(C+N)/Fe] ratios may belong to the horizontal branch.
The peculiar C-rich stars CS 22949-037 and CS 22892-052 cannot be compared directly to the other stars of the sample. Both are included in Fig. 11 , where CS 22892-052 has a rather high [N/O] ratio for an unmixed star while CS 22949-037 falls among the other mixed stars. Both have been omitted from Fig. 12 , where they would fall far The consistent evidence discussed above shows that our sample divides cleanly into two groups. In one, the stars have experienced mixing of their atmospheres over their lifetimes; in the other they have not.
CNO elements in the early Galaxy
We have presented strong evidence that the atmospheric CNO abundances of the unmixed stars represent the original abundances of these species in the gas from which the stars formed. We discuss the consequences of this identification in the following. The data seem to favour substantial early C production in massive zero-metal supernovae. Our new data suggest that the best model would be somewhere between the last two of these. with decreasing metallicity would be expected. The early production of N was thus primary. It may be due to massive stars where it would be induced, e.g., by mixing between the C producing regions and the H burning layer where C is transformed into N. But it could also be due to contributions by AGB stars.
Carbon and the [C/O] ratio
Nitrogen and the [N/α] ratio
- However, were our N measurements to suffer from metallicity-dependent systematic errors, a spurious slope might result. 3D effects in model atmopheres (see Sec. 3.2.3) might cause such metallicity-dependent errors. However, although one cannot yet be certain, it is unlikely that differential effects in stars with [Mg/H] between -2.8 and -3.8 could vary the N abundance by the 0.5 dex needed to eliminate the observed slope (Asplund 2004) . Moreover, such a systematic effect could not explain the increased dispersion of [N/Fe] and [N/Mg] towards higher metallicity. Such a decrease of the nitrogen production with increasing metallicity is not predicted by any massivestar yields at low metallicities.
-Another interpretation is possible, however ( Fig. 16) : We have only five N abundance measurements (plus two upper limits) in the interval −3.7 < [Mg/H] < −3 where the dispersion seems to vanish, so the absence of a spread at low metallicity could be just a statistical effect. If so, the mean slope drawn in Fig. 15 would not be real, and [N/Mg] and [N/Fe] would simply vary from star to star without any mean trend (Fig.  16) . Two possible explanations are:
i) The maximum [N/Mg] value (∼0.0) reflects the primary N production by normal massive supernovae, but with some stars showing much lower production. N is not easily produced in massive SNe, and the yields may depend critically on various parameters, such as rotation (Maeder & Meynet 2002) , explaining the spread in the observed N abundance. The spread seems to appear at less extreme deficiencies ([Fe/H] > −3.4), reflecting the yields of later, i.e. lower-mass supernovae.
ii) The lowest N abundances in our stars might represent galactic gas enriched by SNe II, but before any enrichment by massive AGB stars. The majority of the N-rich stars in Fig. 16 would then be formed from matter more or less enriched by AGB winds, and the scatter in the N abundances would arise from local, inhomogeneous N enrichment of the gas from which our stars formed. In this case, metallicity would not be a good indicator of age. Moreover, we would then expect the s-process elements to be more abundant in N-rich than in N-poor unmixed stars. A preliminary analysis shows no clear difference in s-process abundances between the two sets of stars; this will be discussed in more detail in a forthcoming paper on the neutron-capture elements in our XMP stars (François et al. 2004, in prep.; Paper VII) . 
Comparison of halo stars and DLAs
We have argued that the N abundance in our unmixed XMP stars is very close to that of the gas from which the stars were formed. The stars on the lower RGB have possibly experienced the first dredge-up (if any), but this should only affect the [N/Fe] or [N/Mg] ratios slightly (Gratton et al., 2000) , even in rapidly rotating stars (Meynet & Maeder, 2002) . We now compare our results to the [N/α] ratios in DLAs and extragalactic H II regions (or Blue Compact Galaxies, BCGs). E.g., both Prochaska et al. (2002) and Centurión et al. (2003) suggest the existence of a plateau at [N/α] ∼ -1.5 dex in addition to the well-known one at [N/α] = -0.8 dex, which is common to DLAs and BCGs. [O/H] for our unmixed XMP giants, the metal-poor dwarfs studied by Israelian et al. (2004) , and the DLAs studied by Centurión et al. (2003) and Molaro et al. (2003) . In addition to the internal errors, systematic uncertainties affecting the two sets of observations include: (i) The stellar data are subject to the neglect of 3D effects in our 1D atmospheres; using 3D models (see section 3.2.2) would reduce the O abundance by typically ∼0.2 dex, but without a full 3D computation for the NH molecule the net effect on [N/O] is difficult to assess. In addition, our absolute N abundances also depend on the uncertain physical parameters for the NH band (see section 3.2.3) and were corrected by -0.4 dex to force agreement with abundances from the CN band. Systematic offsets in our N/O ratios can therefore neither be excluded nor assessed quantitatively at present. New, accurate values of gf and dissociation energy for NH as well as studies of 3D model atmosphere effects on the band strength are urgently needed.
(ii) The DLA observations are affected by uncertain dust corrections. In particular, Si is easily locked onto grains, and the DLAs for which Si was used to represent O are subject to larger uncertainties.
For stars Given the scatter of [N/O] in both stars and DLAs, these differences may not be significant, however. Given the still-limited amount of data, it may be premature to attempt to fit all of these facts into a simple and coherent picture. We believe, however, that the lack of any significant trend of [N/O] with metallicity in both stars and DLAs requires primary N production in both. In Fig. 17 
Conclusions
Internal mixing
Our careful analysis of CNO and Li abundances in extremely metal-poor giants from high-quality spectra has demonstrated that they fall cleanly in two groups:
-The first group shows clear signs of mixing of significant amounts of CN-cycle products to the surface, very similar to the extra mixing found by Gratton et al. (2000) in moderately metal-poor field giants. Evidence for this includes the non-detection of Li and low [C/N] in stars with low log g values: these stars belong to the upper RGB or the HB. No signature of ON cycle processing is detected in the mixed stars. A forthcoming paper will discuss the 12 C/ 13 C ratio to further study the extent of mixing in these stars.
-The second group shows no signature of mixing with CNO burning layers: N Li > 0.14 and [C/N] > −0.5. These stars have higher log g and lie on the lower RGB. They may still have experienced the first dredgeup, but this is expected to change their atmospheric C and N abundances very little (Gratton et al. 2000) , or not at all (Denissenkov and Weiss 2004) .
The mixed and unmixed stars have approximately the same value of [(C+N)/Fe] ≈ +0.25 dex, indicating that the difference between the two groups could be entirely due to internal mixing with CN-processed material. We thus confirm the results on extra-mixing by Gratton et al. (2000) and extend them towards lower metallicity.
The unmixed subsample
We find that the C and N abundances in the unmixed XMP stars should be close to those of the gas from which they were formed. These abundances thus provide useful constraints on the yields of the first stars (Pop III supernovae, early AGBs, AGB supernovae,...) and on any trends of these yields with metallicity and perhaps time. In spite of the large scatter, the weight of the evidence suggests that the N production was primary, especially in the first phases of Galactic evolution. It cannot yet be decided, however, whether this primary N production was due to massive Population III supernovae, AGB stars, or perhaps AGB supernovae (SN I.5); all three sources may play significant roles.
The absolute values of the measured abundances are susceptible to various uncertainties, from inaccuracy of the molecular parameters to the effects of simplified models (LTE and 1D approximations). However, these systematic effects should be similar from star to star and the derived trends remain robust. It is important, however, to verify the effects of 3D NLTE model effects and improved molecular data on the derived abundances as soon as possible.
As another item for the future, we have found that the abundance anomalies observed in the "mixed" stars are due to mixing between their surfaces and CNO-processing layers, similar to the scenario (extra mixing) inferred by Gratton et al. (2000) and theoretically explained by, e.g. Charbonnel (1995) and Denissenkov & VandenBerg (2003 and references therein) . However, we cannot completely rule out the possibility that the observed anomalies could result from pollution by AGB binary companions. It would thus be interesting to search for any companions of the mixed stars (radial velocities, astrometric orbits, or interferometry) in order to check this alternative.
